Introduction
[1] Tegen et al. [2004] presented a study of the contribution of land use sources to the overall desert dust loading using dust storm frequency data and their model of atmospheric desert dust [Tegen et al., 2002] . As noted by Tegen et al. [2004] , previous studies have shown that attribution of anthropogenic influences are very sensitive to models and meteorology [e.g., Mahowald et al., 2002; Luo et al., 2003 ].
Here we constrain the land use fraction of emission with observations of dust storm frequency following Tegen et al. [2004] to evaluate the sensitivity of this fraction to the model, meteorology and methodology. While Tegen et al. [2004] find that dust storm frequency (DSF) observations are best matched with a 5 -7% contribution of anthropogenic sources to global emission, here we find that anthropogenic contributions ranging from 0 to 50% result in agreement with dust storm frequencies that is statistically indistinguishable.
Methodology
[2] The dust storm frequency dataset used for this study is identical to that used by Tegen et al. [2004] and was kindly provided by them. It represents the average of dust storm days per year averaged over the 1950-2000 time period when data are available at 2249 stations. Dust storm days are defined as days in which the visibility is less than 1 km. For this study, we assume that each station is independent of nearby stations, which will overestimate our estimate of number of degrees of freedom.
[3] Tegen et al. [2004] defined as day with a dust storm any day in which the emission of dust were greater than zero in a given grid box, thereby ignoring transport impacts, which they attempted to remove by eliminating stations with substantial transport. In order to test the sensitivity of their result to this assumption, we use both a source test as well as a concentration test to define when there is a dust storm. Our source test is identical (when emissions are greater than zero in a grid box), while we use two concentration criteria. For the first concentration, we assume that there is a dust storm event when the concentration would result in a visibility less than 1 km. We calculate that visibility will be less than 1 km following standard air pollution techniques [Godish, 1997] to be $4.7e-6 kg/kg for standard conditions. In the data, if there is an observation at the meteorological station any time within the day when the visibility goes below 1 km, it counts as a dust storm day. In order to account for the large spatial and temporal heterogeneities in concentration within one grid box, we use 40 times the concentration for criteria 1, and 20 times the concentration for criteria 2. We chose these two values to give us slopes between the model and data that are on either side of 1.0, and allow us to test the sensitivity to our assumptions about spatial and temporal heterogeneity within a grid box to the resulting slope and correlation coefficient. Model results suggest that grid-averaged concentrations can vary by a factor of 2 -10 during one day [e.g., Luo et al., 2004, Figure 2] . Satellite pictures of desert dust plume show that plumes can be as small as a few km wide (while our grid box is 180 km Â 180 km) (e.g., http:// earthobservatory.nasa.gov/NaturalHazards/natural_ hazards_v2.php3?img_id=12178) suggesting that these 20x and 40x factors relating daily and grid-box averaged values to a maximum value observed within the box are reasonable. Factors between 5 and 100 yield qualitatively similar results for the correlation coefficient statistical significance.
[ Mahowald et al., 1997] , National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis [Kistler et al., 2001] and the dust entrainment and deposition model [Zender et al., 2003] which has been shown to compare well to observations for a 0 -50% land use source ]. Daily averaged model results for 7 years are included in this study (1984 -1991, with 1987 missing due to accidentally missing daily values).
[5] The final difference (and perhaps the most important) is that the Tegen et al. [2004] study changed the wind threshold velocities over different vegetation types to best match the data, while we change the relative amount of preferential source areas for land use sources between 0 and 50% by 10% increments, and find the best fit between the observations and the data. In this study, we use model results that have previously been presented in more detail [e.g., Mahowald et al., 2002; Luo et al., 2003 ], and we use the Ginoux et al. [2001] source as our natural source. For the land use source, we use the Matthews [1983] database to indicate where the land use is, and assume that sources occur only in 'desert regions' from the BIOME3 model [Haxeltine and Prentice, 1996] . To go from a 0% to a 50% source, we keep total global emissions constant, but vary our global emission factor for the natural and cultivation source such that the emissions are 0 to 50% from land use. Thus the differences between this study and Tegen et al. [2004] include model, meteorology and methodology. Both the Tegen et al. [2004] and our methodology have uncertainties associated with them, and are reasonable but different approaches.
Results
[6] Table 1 shows the correlation coefficient and slope between the model and observed number of dust storm days at each station. Notice that using a concentration criteria results in a better correlation and slope for all the different scenarios. Ideally we want a slope of 1.0, which is achieved somewhere between our criteria 1 and 2 (see Table 1 ) The highest correlation is for the case when land use is 0 or 10% or 10-50% of the total source (depending on the criteria used). Notice that results for 10-50% land use for the source scheme are identical in our case because of the linear addition of land use, and the dust storm days being defined as any day with source above 0. Also included in Table 1 is the probability that the correlation coefficients are statistically significantly different than the highest value [Press et al., 1992] . This shows that for most cases, 0 -50% land use are not statistically significantly different than the highest correlation at 95 percentile (although they are almost statistically significant). Note that we do not have Gaussian distributions, which is a criteria for statistical significance tests; if we use rank correlations instead, for which we know the distribution and which has a clear statistical significance test, we obtain qualitatively similar results [Press et al., 1992] . Notice that the correlations between the model and observations are quite close for the different cases, and this is seen in the probability that each is different than the highest being low for most cases (Table 1 ). The data is not able to discriminate between the different cases, probably due to the strong similarity in the dust sources and concentrations between 0 -50% land use sources [Mahowald et al., 2002; Luo et al., 2003] .
Conclusions
[7] Here, we use different model, meteorology and methodology to suggest that land use is between 0-50% of the total dust source to the atmosphere, in contrast to the results of Tegen et al. [2004] . As previously argued [Mahowald et al., 2002; Luo et al., 2003; Mahowald and Luo, 2003] , estimating the importance of land use from global models is difficult because of the overlap between human and natural sources and the downwind transport of dust. Sources of dust are thought to be very small scale, and it may be that constraining the portion that are due to land use requires field work, not global studies using models or satellite data. Three criteria for dust storms are used for the model results: source criteria and two concentration criteria described in the text. (H) refers to the highest correlation, while the number in parenthesis is the probability that the result is statistically significant. Bold numbers show the values which are not statistically significantly different (at the 95%) than the highest value.
